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HE TRANSMISSIBLE SPONGIFORM

encephalopathies (TSEs) are

chronic, progressive, and always

fawal neurodegenerative disor-
ders ofboth animals and humans.'* They
are caused by a slow-replicating agent
that requires long incubation periods for
disease expression.>* Animal TSEs
include the sheep disease, scrapie, and
the cow disease, bovine spongiform
encephalopathy (BSE)."Human TSEs
include Creutzfeldt-Jakob disease (CJD),
kuru, and Gerstmann-Straussler-
Scheinker syndrome. In 1995, a novel
form of CJD named “new variant CJD"
(av-CJD) was described in the United
Kingdom.? This new variant may be due
to the transmission of BSE to humans;
this has caused significant concern about
the potential that many humans may be
infected with this disease but are cur-
rentlyasymptomatic.¢ This report exam-
ines the risk of BSE to public health in
the United States,

METHODS

The MEDLINE, EMBASE, and Lexis/
Nexis databases were searched for
articles from 1975 through 1997 on
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Context The risk of possible transmission of bovine spongiform encephalopathy (BSE)
in the United States is a substantial public health concern. -

Objective To systematically review the current scientific literature and discuss leg-
islation and regulations that have been implemented to prevent the disease.

Methods Literature review using the MEDLINE, EMBASE, and Lexis/Nexis data-
bases for 1975 through 1997 on the terms bovine spongiform encephalopathy, prion
diseases, prions, and Creutzfeldt-Jakob syndrome. The Internet was used to identify
regulatory actions and health surveillance.

Data Extraction MEDLINE, EMBASE, and Lexis/Nexis databases were searched from
1975 through 1997 for English-language articles that provided information on assess-
ment of transmission risk.

Results Unique circumstances in the United Kingdom caused the emergence and
propagation of BSE in cattle, including widespread use of meat and bonemeal cattle
feed derived from scrapie-infected sheep and the adoption of a new type of process-
ing that did not reduce the arnount of infectious prions prior to feeding. Many of these
circumstances do not exist in the United States. In the United Kingdom, new variant
Creutzfeldt-Jakob disease probably resulted from the ingestion of BSE-contaminated
processed beef. The United Kingdom and the European Union now have strong regu-
lations in place to stop the spread of BSE. While BSE has not been observed in the
United States, the US govemment has surveillance and response plans in effect.

Conclusions Current risk of transmission of BSE in the United States is minimal be-
cause (1) BSE has not been shown to exist in this country; (2) adequate regulations
exist to prevent entry of foreign sources of BSE into the United States; (3) adequate
regulations exist to prevent undetected cases of BSE from uncontrolled amplification
within the US cattle population; and (4) adequate preventive guidelines exist to pre-
vent high-risk bovine materials from contaminating products intended for human
consumption.
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the Internet and last updated in
March 1999,

NATURE OF THE
INFECTIOUS AGENT

Over the last decade, the “prion hy-
pothesis,” which proposes that the
agent responsible for TSEs is an infec-
tious protein, has gained support.>’*
Prions normally. exist as protease-
sensitive, glycosylphosphatidyl inosi-
tol-anchored cell surface proteins in
neurouns (designated PrP< or Prp*).2®
Disease occurs when an abnormal, pro-
tease-resistant isoform (PrP= or PrP™)
accumulates within the brain.2:3-12
Transgenic mouse and physical and bio-
chemical studies support the prion hy-
pothesis.!>'¢ The remarkable ability of
this infectious agent to survive UV ra-
diation and other procedures de-
signed to hydrolyze and destroy nucleic
acids provides further support.'’1°

A gene within the host codes for the
prion protein.®2 Thus, transgenic mice
not expressing the cellular prion pro-
tein gene, PrP, are resistant to prion dis-
ease.® As slow conversion of the exist-
ing cellular PrP*" into abnormal PrP™
progresses, PrP™® accumulates in the
brain.’® When sufficient partcles of Prp™

accumulate, classic symptoms of spon-

giform encephalopathies develop.2**
Transmission of the disease, however,
can occur before clinical signs ap-
pear.®*® -

In 1967, Griffith” proposed that the
physical association of PrP™ with its
normal homolog PrP** forms various
heteromers (conformations that in-
volve multiple units of both PrP** and
PrP ). These heteromers are cata-
lyzed by the abnormal PrP™ into sev-
eral monomers of abnormal Prp™s,
These new PrP™ molecules then con-
tinue to associate with additional Prps
protein and convert them into abnor-
mal PrP™ (FIGURE 1)."* Because physi-
cal association of PrP* and PrP™ is re-
quired, conformational differences
between the infecting PrP™ and the host
PrP** ultimately determine the effi-
ciency of conversion of the host Prp*
by the infecting PrP™.¥* Thus, if the
infecting PrP™ is dramatically differ-
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ent from the host PrP*™, disease isless  tively.* The newly synthesized PrP™
likely to occur because the 2 proteins  are species-specific and dependent on
are less likely to associate produc- the origin of the infecting prion.?

Figure 1. Schematic Representation of Conversion of Normal Prions to Abnormal Prions

‘@@
&

Abnormal prion protein (PrP™) molecules (B-sheet lsoform) become physically assoclated with normal prion
protein (PrP™) molecules (a-helix isoform) and induce a conformational change that converts PrP™ molecudes
to Pre™ isoforms. The mate of conversion is influenced by the quality of the physical assoclation bétween PrF™ )
and PrP™ molecules. When accumulation of sbnormal PrP™ molecules is sufficient, ciinical disegss occuss, Ab-
normal PrP™ molecules may originate frorg mutated human protein genes (Inherited or sporadic), spo-
radic conformational abnormalities, or exogenous sources. if conformational differences between ArP™ and
PrP™ molecules prevent physical assodation of the isoforms, no conversion of PrP** molecules accurs and dink-
cal disease does not develop (fower paned).
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PRION DISEASES

Bovine Spongiform
Encephalopathy

This spongiform encephalopathy of cattle
was first diagnosed in 1986. It begins with
signs of anxiety, restlessness, and aggres-
sive behavior, thus leading to the name
“mad cow disease.”®* Affected cattle
range in age from 20 months to 18 years;
most cases appear in cows between 2 and
8 years of age.” As the disease progresses,
the cow becomes unable to rise [rom a
lying position, posterior ataxia devel-
ops, and body weight is lost despite nor-
mal appetite. Death usually occurs
between 2 weeks and 6 months after
onset of clinical symptoms.®* Disease
is confirmed by postmortem examina-
tion of brain tissue. Immunohistochem-
istry has revealed distinct formations
composed of protease-resistant prions in
the diseased bovine brain, similar to prion
protein plaques seen in kuru, av-CJD,
and many other TSEs.™ Currendly, no test

" todetect the disease in live cautle has been

validated.

Creutzfeldt-Jakob Disease

Creutzfelt-Jakob disease is a rare, fatal,
human TSE with a current worldwide
incidence of about 1 case per million per
year and an equal male to female inci-
dence ratio. With few exceptions, it does
not appear to have adelinable geo-
graphic or ethnic distribution. *** There
are 4 known types of CJD: sporadic (85%
of all cases), inherited (10% to 15% of
cases are inherited as an autosomal domi-
nant trait'’**), {atrogenic, and new-
variant. In all types, little or no immu-
nological activity is directed against the
disease agent within the patient ¥ While
many epidemiological risk factors have
been proposed for sporadic CJD, none
are definitive. Infection with PrP™, a rare
misfolding of the normal PrP* protein,
or a somatic mutation of the prion pro-
tein gene may be responsible.'® Inher-
ited CJD has been linked to several dif-
ferent mutations in the human prion
gene that lead to nonconservative amino
acid substitutions in the protein. The first
such described linkage was 2 proline-
to-leucine substitution at position 102
shown to segregate with many cases of
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Gerstmann-Straussler-Scheinker syn-
drome.” In transgenic mice, genetic
nautations that cause changes to the cod-
ing region of the prion gene have resulted
in neurodegenerative disease, and TSEs
have now been genetically linked to other
mutations.!*3¥* latrogenic CJD has been
traced to corneal transplantation, con-
taminated electroencephalographic elec-
trode implantarion, and contaminated
surgical equipment.** Cases have
occurred in patients receiving human
pituitary growth hormone or gonado-
tropin, or dura mater grafts.**#

Early in the course of the disease, most
CJD patients exhibit rapidly progres-
sive dementia, myoclonus, and pyrami-
dal tract dysfunction. Electroencepha-
lograms are characterized by distinctive
periodic sharp wave activity. Sixty per-
cent of patients present with ataxia, and
10% to 20% will have a purely ataxic ill-
ness.''** Almost any combination of cor-
tical, subcortical, cerebellar, and spinal
cord findings is possible; thus, rapid dis-
ease progression is often the character-
istic that suggests diagnosis.*

There are 3 distinct neuropathologi-
cal characteristics of TSEs*: (1) spon-
giform degeneration of neurons,* (2)

‘'severe astrocytic gliosis out of propor-

tion with the degree of cell loss,*” and
(3) amyloid plaque formation.®In CJD,
there is obvious astrogliosis and usu-
ally spongiform degeneration." Wide-
spread proliferation of fibrous astro-
cytes in the gray matter is evident.
Generally, spongiform changes stain-
ing positive with antisera against PrP=
are seen in the cerebral cortex, puta-
men, caudate nucleus, thalamus, and
the molecular layer of the cerebellum.
Amyloid plaques, which also stain for
PrP=, occur in 5% to 10% of cases.*”

New Variant CID

New variant CJD presents very differ- -

ent clinical and pathologic features from
sporadic CJD.3* The first is age at on-
set of disease. While most cases of spo-
radic CJD occur berween 60 to 65 years
of age, mean age at onset of nv-CJD is
29 years.* The clinical course of nv-CJD
is more protracted than sporadic CJD
(averaging 14 months compared with <1

year for sporadic CJD).*' Clinical symp-
toms of nv-CJD differ from traditional

. CJD.&' Two early features are sensory

disturbance and behavioral changes (ie,

-withdrawal, anxiety, anddepression) that

progress to neurological abnormali-
ties.’? Ataxia develops early and occurs
in all cases, unlike the 60% of cases in
sporadic CJD.*3! Within weeks, a pro-
gressive cerebellar syndrome with for-
getfulness and other memory impair-
ment develops. Many patients experience
apathy, weight loss, and mild insom-
nia. Progressive dementia occurs in all
cases, but memory impairment may not
be an early sign accompanying the de-
mentia. Late in the disease, most pa-
tients develop myoclonus. Patients do
not present with the electroencephalo-
graphic changes associated with spo-
radic CJD. Just before death, most pa-
tients have akinetic mutism and some
develop cortical blindness. Notably, nv-
CJD does not meet the clinical diagnos-
tic criteria for traditional CJD.
Neuropathological characteristcs

also differ in nv-CJD vs sporadic GJD

(FIGURE 2). In the former, patients have
significant prion plaques and uniform
spongiform changes sparsely dis-
wributed throughout the cerebral cor-
tex.#*! The spongiform changes, neu-
ronal loss, and astrocytosis are most
visible in the basal ganglia and thala-
mus. The most striking neuropathologi-
cal feature is prion plaques,’ which are
distributed throughout the cerebrum,
and particularly in the cerebellum, and
have dense eosinophilic centers and pale
periphery. The plaques, which all stain
well for prion, are surrounded by regions
of spongiform change.’

Currently, all types of CJD can only be
diagnosed postmortem.!! However, 2an-
temortem techniques have been pro-
posed. Detection of the 14.3.3 brain pro-
tein marker in the cerebrospinal fluid of
patients correlates well with sporadic
CJD,* while detection of the nv-CJD
prion protein in the tonsils of affected in-’
dividuals correlates with nv-CJD.>* The
availability of monoclonal antbodies that
distinguish the PrP*" isoform from the
Prp™ isoform may facilitate develop-
ment of a diagnostic antemortem test.*>*




Transmission of the Prion Diseases
Natural and experimental TSE trans-
mission has occurred from cattle to cats,
sheep, goats, pigs, marmosets, mice, and
other cattle.” Human TSEs can be ex-

~~——perimentally transferred to chimpan-

zees, squirrel monkeys, marmosets,'
and other humans (eg, iatrogenic CJD
and kuru).2** A “species barrier”—
caused by conformational differences
between the prion proteins in differ-
ent species——prevents transmission
of disease from one species to an-
other.®* If the differences between in-
fecting prion and host prion are sub-
stantial, the incubadon period (when
conversion of host prions occurs) will
be very long, or conversion may not oc-
cur. The prion strain responsibie for
scrapie differs substantially from hu-
man prion protein in conformation,
which may explain why scrapie has
never transferred to humans.***** Con-
versely, a less rigorous species barrier
of the BSE prion may be one reason why
BSE can be transferred to many spe-
cies.”% A species barrier may be cir-
cumvented via passage of the prion pro-
tein through another species'®®; for
example, the passage of the scrapie
PrP* into cattle may result in a cattle-
adapted PrP™ that causes BSE, which
in turn may now infect humans.
Cer:ain organs contain more infec-
tious prions than others.® The World
Health Organization (WHO) and the
Office Internatonal des Epizootics have
categorized organs into 4 risk groups
(TABLE),®** which are now_used inter-
nationally in policies concerning BSE
and CJD. The route of PrP™® inoroduc-
tion into the host is also an important
determinant of transmissibility.** Di-
rect administration into the central ner-
vous system is the most infectious
route,* followed by administration into
blood vessels, and intraperitoneal, in-
tramuscular, and subcutaneous expo-
sure. Oral ingestion is less efficient than
the parenteral routes.®>* Finally, the
dose of infectous material is an impor-
tant determinant of transmissibiliry.®
However, little research has been done
10 establish minimum infectious doses
for humans. There is no ethical way to
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compare the lethal dose in humans with
an equivalent titer in animals, but the
fatrogenic transmission of CJD via in-
completely decontaminated stereotac-
tic electrodes suggests that the mini-
mum infectious dose is probably
small."! Of course, the dose needed to
transfer disease will also be critically de-
pendent on the route of administra-
tion, with high infectivity routes most
likely requiring smaller inoculum.
Mammal-to-Human Transmission:
Is nv-CJD BSE in Humans? Because
scrapie has never infected humans, ini-
tially there was little concern about the
wansfer of BSE to humans. Evidence now
demonstrates that the prion respon-
sible for BSE may be the same prion re-
sponsible for nv-CJD.#% Inbred mouse
lines infected with different strains of the
PrP™ agent have distinct, reproducible
incubation times and pathological char-
acteristics that have been summarized
into specific “signatures” for the sgrains.”

Using these “signatures;”:Bruce &
demonstrated that the PrP™ strain
(1) the same in the 3 nv-CJD cases they
examined, (2) different from the strains:
identified in sporadic cases of CJD, and
(3) indistinguishable from the strain that -
causes BSE. Hill and colleagues® used
the unique glycoform profiles that re-
sult after treatment of PrP™ with pro-
teinase K and found no difference in pro-
file between the BSE PrP and the nv-
CJD PrP™=. They also demonstrated that
transgenic mice expressing human Prp<
developed similar disease when in-
fected with either the catte BSE PrP™
or nv-CJD PrP™ % This suggests that nv-
CJD is a new variant of CJD and results
from transmission of the BSE PrP™ from
infected cattle to humans. :

As of January 31, 1999, there have
been 39 cases ol nv-CJD in the United
Kingdom and 1 case in France.®* These
individuals probably contracted the dis-
ease agent via oral ingestion of BSE-

Figure 2. Histopathology of Creutzfeldt-Jakob Disease and New Variant Creutzfeldt-Jakob
Disease

Left, Typical spongiosis of the neuropil

Nm——— TS

o

lin the temporal cortex of a patient with Creutzfeldt-Jakob disesse (he

eosin, original magnification X400). Photomicrograph courtesy of Carlos A. Pardo, MD, Johns Hopkins Univer-

sity School of Medicine, Baltimore, Md. Right, Cerebral cortex of a patient with new variant Creutzfeidt-jakob
disease containing 3 characteristic florid plaques with a dense core {(amowhead) surtounded by radiating fibrils
and a halo of spongiform change (periodic acid-Schiff stain, original magnification X% 120). Photomicrograph cour-
tesy of James W. fronside, National Creutzfeidt-jakob Oisease Surveifiance Unit, Edinburgh, Scotfand. -
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Table. Prion Infectivity of Different Tissue and/or Organ Types

Tissue and/or Tissues and/or Organs Included
Qrgan Category Infectivity in This Category

1 High Brain, spinal cord, eye

2 Medikyn lleurn, lymph nodes, proximal colon, spleen, tonsi, dura
mater, pineal gland, piacenta, ceretrospinal fiuid, pituitary
gland, adrenal gland ’

3 Low Distal colon, nasal mucosa, paripheral nerves, bone marrow,
liver, ung, pancraas, thymus .o

4 Not dotectabie  Blood clot, feces, heart, kidney, mammary gland, mik, ovary,

safiva, salivary gland, seminal vesicle, serum, skeletal
muscle, testis, thyroid, uterus, fetal tissue, bile, bone,
cartilaginous tissue, connective tissue, hair, skin, urine
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contaminated beef prior to the UX bo-
vine-specified risk materials (SRM) ban
in 1989.%**% This ban prohibited the en-
try of high-risk cattle tissues (eg, brain
and spinal cord) into the human food
chain at any point.””7° The extent to
which the human population might be
affected by nv-CJD is still unknown. Us-
ing several different assumptions for risk
analysis, as few as 75 to as many as
85 000 total human infections have been
estimated.”! The current pattern would
predict hundreds of human infections,
assuming a 10-year incubation pe-
riod.” The likelihood of new human in-
fection with the BSE prion after the bo-
vine SRM ban in 1989 is low.

THE UK BSE EPIDEMIC

The total number of BSE cases in all of
Europe (626) is almost 3 orders of mag-
nitude less than the total number in the
United Kingdom (173 126),™ suggest-
ing that unique conditions existed in the

« United Kingdom for the BSE outbreak

to have occurred. A major epidemiologi-
cal study of BSE in the United Kingdom
determined that it is an extended com-
mon source epidemic.* The only iden-
tifiable common factor in BSE-infected
cows was the consumption of cattle feed
manufactured from meat and bone-
meal (MBM) that contained ruminant-
derived protein.® It is suspected that
MBM contaminated hy a TSE agent was
the source of BSE and that the original
TSE agent is either scrapie or a cattle-
adapted strain of scrapie.

Meat and bonemeal is produced by
rendering animal by-products (eg, of-
fal, fat rimmings, bones {rom slaugh-
terhouses, and carcasses from farms) to
produce fats (tallow) and an incom-
pletely processed, protein-rich, solid
residue called greaves. In the 1970s,
greaves were further processed by hy-
drocarbon solvent extraction and steam
desolventizing to yield MBM,™ which
was used as a protein source in animal
feed, particularly cattle feed. Between
1977 and 1982, centrifugation and
pressing replaced the solvent extrac-
tion process.” Unfortunately, while the
solvent extraction process signifi-
cantly reduces the amount of infec-
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tious prions in MBM, centrifugation and
prCSSing docs not"7.73.7‘

BSE Risk Factors

The United States Department of Ag-
riculture (USDA) and epidemiologists
identified 5 risk factors in the United
Kingdom that led to the BSE prob-
lem.”" First, the country has a large
sheep population relative to the cattle
population. Second, the uncontrolled
scrapie incidence rate in these sheep is
high; hence, a large reservoir of TSE pri-
ons is present to potentially infect cattle,
and, prior to 1988, carcasses of sheep
that died of scrapie and other causes
constituted a significant part of the raw
material used by UK rendering plants
to produce animal feed.*™ Third, re-
duced use of hydrocarbon solvent ex-
traction in MBM production resulted in
large amounts of BSE or scrapie-
contaminated MBM." Fourth, exten-
sive use was made of MBM from greaves
that contained large concentrated
amounts of the BSE or scrapie prion due
to the partial rendering of the raw ma-
terial.” Fifth, MBM constituted 4% to
5% of the diet of dairy calves; conse-
quently, more than 60% of UK dairy
herds developed at least 1 case of BSE.™

Once BSE was established, the feed-
ing of large amounts of rendered BSE-
infected cattle products back to calves
fostered the epidemic. This recycling of
the BSE agent from adult cattle to calves
probably continued until ruminant-to-
ruminant feeding was banned in 1988.

Development of nv-CJD
in the United Kingdom

Before any action was taken to contain
BSE, contaminated bovine products
could have entered the human food
chain, eg, through SRM contamination
of processed beef.!?>"” At the time, there
was no evidence that the scrapie agent
could cause human infection after pas-
sage in cawle® 378 and there was no evi-
dence to predict that the BSE prion spe-
cies barrier would be less rigorous
between cattle and humans. In fact, an
analysis of the ability of the BSE Prp™
agent to convert human PrP** into PrP™
suggested that the ransmission risk was

low.™ However, this in vitro experi-
ment could not consider in vivo effects
such as dose of inoculum and route of
infection, which play a role in transmis-
sion. Thus, the lack of scientific data on
the cattle-to-human species barrier, the
long interval between the consumption
of the BSE prion and the appearance of
nv-CJD, and perhaps the slow response
to the emerging problem all played roles
in the current appearance of BSE and nv-
QJD in the United Kingdom.

UK and Eurocpean Union Policies
and Regulations to Control BSE
and nv-CJD

Internationally, 3 approaches are used to
control nv-CJD: (1) minimizing the risk
of further contamination of cattle with
BSE, (2) eradicating any existing BSE
cases, and (3) eliminating human expo-
sure to the BSE agent. Due to the sever-
ity of the UK problem, British policies are
the most stringent, although policies of
the European Union (EU) are similar.

Animals and Animal Products. In
1988, the United Kingdom made BSE
a reportable disease and required that
all suspect cattle be killed, sent for di-
agnosis, and then incinerated.’” Catte
farmers are compensated to ensure
compliance.

The EU's policy requires destruc-
tion of the entire herd in which a sus-
pect cow is found.* The EU allows im-
portation of UK deboned beef and beef
products if produced under specific ex-
port conditions,* and there are de-
tailed guidelines on the sourcing of im-
ported materials to eliminate potentially
BSE-infected products.®#2-%

In the United Kingdom, all adult ani-
mals designated for slaughter are first ex-
amined to ensure that no suspected BSE
cases are slaughtered for human con-
sumption.™ Bovine spongiform encepha-

- lopathy prions have been detected only

in certain organs (ie, SRM). To prevent
transmission into animals or hurnans, the
SRM, which include the head (exclud- -
ing the tongue), spinal cord, spleen, and
tonsils of cows aged 6 months or older,
and the intestines and thymus of all cows,
are removed at slaughter and dis-
carded. Specified risk materials of cattle
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older than 6 months have been banned
from human food since 1989 and from
animal feed since 1990.7%7
The United Kingdom and EU pro-
hibit the use of any mammalian protein
in ruminant feed.” %43 Incorporation
-of mammalian MBM in any farmed-
animal feed (including fish) has been
banned in the United Kingdom since
1996, thereby eliminating potential cross-
contamination of cattle feed ® Since the
BSE agent does not transmit laterally, ie,
directly from cow to cow, and transmis-
sion from mother to calf accounts for no
more than 10% of expressed disease, the
feed ban measures should eventually
eradicate the disease in cattle.? To en-
sure compliance, the United Kingdom

implemented a rigorous sampling pro- -

gram in 1996 to examine a large num-
ber of premises that handle animal feed.
These efforts have been remarkably suc-
cessful: the rate of new BSE infections has
declined 40% per year.?
." Products for Human Consumption.
Most emphasis has been on preventing
human consumption of potendally in-
fected bovine material; hence, the EUin-
troduced legislation, effective January
2000, prohibiting the use of SRM for any
purpose.®*## However, concern about
effects on pharmaceutical and cosmet-
ics production, as well as new scien-
tific data, have prompted development
of a new proposal.* The EU may issue
separate rules for drugs to exempt that
sector from any future directives.” Un-
til the EU submits a new proposal for
EU-wide SRM countrols, current na-
tional measures remain in place. Since
March 1997, UK legislation prohibits use
of SRM in cosmetic, pharmaceutical, and
medical products.® In December 1997,
the United Kingdom initiated a require-
ment that all beef be deboned, based on
data indicating that the BSE agent could
be detected in the dorsal root gangliza and
bone marrow of cows older than 30
months.® >

Because no infectivity has been de-
tected in cow’s milk, it has been deemed
safe for human consumption.* On
March 23, 1999, the EU's Scientific
Steering Committee reconfirmed this
conclusion but added that, “as a pre-
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cautionary measure,” milk from BSE-
affected cows should not be used.®
Human Tissues. The National CJD
Surveillance Unit (Edinburgh, Scot-
land), where the first cases of nv-CJD
were described in 1995, monitors the ap-
pearance of CJD cases in the United
Kingdom and the extent of human dis-
ease resulting frorn the BSE epidemic. Us-
ing data from this unit, the Spongiform
Encephalopathy Advisory Committee
advises the UK government on policies
pertaining to CJD and nv-CJD cases.
Blood. Although WHO and the EU
state that ransmission of CJD via blood
cannot currently be confirmed®#? and

too few data on nv-CJD transmission

exist to make recommendations,*#
they advocate exclusion of blood do-
nation by people who have or are atrisk
for CJD.**# The possibility that nv-
CJD might be transferred via lympho-
reticular tissue (eg, white blood cells)
is under study.?® Because white blood
cells may possess the highest CJD in-
fectivity of all blood components,* the
United Kingdom began leukodeplet-
ing all blood donations in July 1998.%
Recent data suggest potential but mini-
mal risk of contracting CJD from plasma
fractions™; hence, plasma pools con-
taining plasma from CJD-infected do-
nors have not been recalled in Eu-
rope. However, in 1997 the United
Kingdom began recalling all plasma if
contamination from nv-CJD-infected
donors was suspected.® The lack of sat-
isfactory scientific data emphasizes the
need for continued research.

WHY BSE HAS NOT BEEN
FOUND IN THE UNITED STATES

The United Kingdom has more than 40
million sheep compared with 8 million
in the United States. In addition, the
United Kingdom had only 12 million
head of cattle (prior to the BSE out-
break) compared with more than 104
million in the United States.” Because
BSE probably originated from feeding
cattle MBM contaminated by sheep scra-
pie prions,” the lower sheep-to-cartle ra-
tio in the United States significantly re-
duces the potendal reservoir of infective
agent. In fact, US-rendered animal pro-

tein has only 0.6% sheep-derived pro-
tein compared with 14% in the United
Kingdom.® Furthermore, the strains of
scrapie infecting US sheep may not be
capable of overcoming the species bar-
tier as the scrapie strain in the United
Kingdom probably did.® There also may
be a lower incidence of scrapie in US
sheep because the United States has had
a scrapie control program since 1952.
Finally, the United States is a major pro-
ducer of plant-based protein such as soy-
bean meal, and in contrast to the United
Kingdom, plant-based proteins are 2 ma-
jor part of complete animal feeds in this
country.”

Although BSE has never been found
in US catde, there is speculation that
it already exists at very low levels and
has simply not been detected.® In one
experiment, cows infected intracrani-
ally, but not orally, with US scrapie pri-
ons developed a form of TSE.” How-
ever, this TSE lacked the characteristic
spongiform neuropathological charac-
teristics of natural BSE cases in the
United Kingdom.*” Furthermore, neu-
ropathological examinations of more
than 7600 US cattle diagnosed with
neurological disorders since 1990 have
not revealed a case of BSE.%

US POLICIES AND
REGULATIONS
TO PREVENT BSE

The USDA and its associated Animal
and Plant Health Inspection Service
(APHIS) regulate and provide guid-
ance on the importation of plant and
animal materials. They are involved in
surveillance for BSE in the United States
and in educating the agricultural sec-
tor about BSE. The Food and Drug Ad-
ministration (FDA) regulates the con-
tent of animal feed and the content of
any product used for human consump-
tion. Although responsibility for meat,
poultry, and egg products (as opposed
to shell eggs) is shared, the Food Safety -
Inspection Service of the USDA pri-
marily regulates these products.

Animals and Animal Products -

Bovine spongiform encephalopathy
could theoretically occur in US cattle be-
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cause TSEs that could potentially trans-
fer to cattle exist in this counay (ie, scra-
pie in sheep and goats, transmissible
mink encephalopathy in farmed minks,

"and chronic wasting disease in deer and

elk).*1% Without regulation, the dis-
ease agent could be transmitted via the
feeding of processed ruminant pro-
teins to catile. Also, the long incuba-
tion period for BSE would mask ampli-
fication, resulting in greater animal
exposure to BSE, which is exactly what
transpired in the United Kingdom. To
prevent this, the US government has
implemented several regulations based
on the 4 basic assumpdons of hazard
identification, risk assessment, risk man-
agement, and risk communication. ¢!
In 1989, APHIS banned the importa-
tion of live ruminants and most rumi-
nant products from the United King-
dom and all other countries reporting
BSE.!? The United States has not im-
ported beef from the-United Kingdom

* since 1985, and since 1991 APHIS has

required that all imported meat and
edible products for human or animal
consumption from ruminants of the
bovine family be deboned and that vis-
ible lymph and nervous tissue be re-
moved.® Additionally, imported meat
and edible products must be from ani-
mals that have undergone a veterinary
examination before slaughter. These ani-
mals also must not have been in any
country in which BSE was reported when
that country permitted the use of rumi-
nant protein in ruminant feed. In De-
cember 1997, this ban was expanded to
prohibit importation of all live rumi-
nants and most ruminant products from
all European countries.'® APHIS uses the
Office International des Epizootics'
guidelines to categorize countries ac-
cording to BSE risk, and importation of
live ruminants and ruminant products
from ébuntries with known BSE risk or
unknown BSE status is prohibited (L.
Detwiler, DVM, USDA-APHIS, written
communication, March 25, 1999).

To prevent amplification of BSE should
it exist at undetected levels in the cattle
population, a 1997 FDA regulation pro-
hibits the use of protein derived from
mammalian tssue in feed for ruminant
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animals, with some exemptions.!* The
exemptions are for pure swine or pure
equine proteins, blood and blood prod-
ucts, gelatin, feeds processed from res-
taurant waste, and milk and milk prod-
ucts. Pigs and horses have never been
identified with a naturally occurring TSE.
Blood and mitk were exempted because
they have not been found to transmit the
infectious prion protein. WHO and EU
policies also exempt swine and equine
products, blood, and milk #4042

Compliance by individuals and es-
tablishments responsible for feeding ru-
minants is critical.”® The FDA will ul-
timately inspect nearly 100% of the
establishments that produce, process,
manufacture, or distribute ruminant-
derived protein intended for feeding of
animals. Some farms, feedlots, and
ranches where ruminants are raised are
being inspected to determine whether
animals are being fed prohibited rumi-
nant-derived proteins. The FDA Cen-
ter for Veterinary Medicine has redi-
rected one fourth of its field resources
to accomplish this goal (S. Nightin-
gale, MD, FDA, written communica-
tion, August 23, 1998).

Because immediate detection of any
potential BSE case in US cattle is essen-
dal, APHIS aggressively educates veteri-
narians, the beef industry, farmers, and
producers on the clinical and pathologi-
cal signs of BSE.*® Hundreds of cattle
brains are examined each year from ani-
mals that displayed neurological signs at
or before slaughter.® In addition, cattle
are examined at all federally inspected
slaughter establishments, and inspec-
tors are alert for central nervous system
disorders. Suspect animals are killed and
tested. As of January 1999, more than
7600 brains had been examined from
cattle demonstrating neurological defi-
cit and no cases of BSE were detected.*®

USDA Response Plan provides a step- .

by-step outline of actions to be taken if
BSE is detected in the United States, in-
cluding identfication of the suspect ani-
mal, confirmation, epidemiological in-
vestigation, and animal and herd
disposal.® In April 1998, the USDA an-
nounced a 2-year cooperative effort with
Harvard University School of Public

Health to evaluate the USDA’s current
BSE prevention measures, review cur-
rent scientific information, assess the
ways that BSE could potentially enter the
United States, and identify possible ad-
ditional measures to protect human and
animal health.'” Altogether, the US gov-
ernment has taken substantial steps to
ensure that BSE will not spread in US
cattle should it ever emerge. Despite this,
criticisms of the government's efforts in-
clude a failure to act more rapidly, the
need for a more stringent ban on feed-
ing of any mammalian protein to any
other animal species, and failure to in-
clude blood and milk and their respec-
tive products in the 1991 ban,

Products for Human Consumption
The absence of BSE in the United States
implies that there is already minimal risk
for nv-CJD. This is reinforced by the
fact that no cases with the distinctive
characteristics of nv-CJD have been iden-
tified either by current surveillance
studies or on review of clinical and neu- -
ropathological hospital records.'® How-
ever, to ensure public health, the FDA
developed guidelines regarding the use
of gelatin in drugs and biologics.?” S4ll
being evaluated are the more than 300
health products derived from bovine
sources, including collagen and bovine
pericardium for cardiovascular de-
vices, bone fillers, cortical shields, and
contact lens disinfectants.’® Addition-
ally, many biologic substitutes and
therapy alternatives using human or-
gans, tissues, and cells require the use
of bovine-derived products. The FDA
Center for Drug Evaluation and Re-
search ensures the safety of drugs con-
taining active ingredient(s) derived from
cattle through the application approval
process (S. Nightingale, MD, FDA, writ-
ten communication, August 23, 1998).
Gelatin. The TSE Advisory Commit-
tee, an expert panel similar to the
United Kingdom's Spongiform En-
cephalopathy Advisory Committee, re- -
cently noted that scientific evidence no
longer justifies exempting gelatin from
FDA regulations on bovine-derived ma-
terial. New guidelines now require that
the tissue, species, and source country
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of the raw material for gelatin be de-
termined.'” Gelatin derived from the
bones and hides of cattle from BSE-
alfected countries or countries of un-
known BSE status is prohibited from
use in injectable, implantable, or oph-
thalmic products. Oral and cosmertic use
of such gelatin is acceptable only if the
catte are from herds without BSE and
the SRMs are removed immediately af-
ter slaughter. Bovine hide gelatin can
be used in foods and cosmetics only if
hides from cattle with central nervous
system symptoms are excluded and
contamination with central nervous sys-
tem and eve tissues is avoided. Gela-
tin derived from raw materials from the
United States and other countries with-
out BSE can be used. In 1998, the WHO
Scientific Steering Council made simi-
lar policy recommendations.®

Specified Risk Materials. In the ab-
sence of BSE in US caule, no restric-
tions have been issued by the FDA or
the USDA on the use of SRM in prod-
ucts for human consumption.

WHO recommends that all coun-
tries conduct a BSE risk assessment and
develop their own risk management
strategies. Laws banning certain bo-
vine materials from human consump-

tion, when they exist, must be ad-:

hered to rigidly.*

Human Tissues

Blood. There is conllicting and dis-
puted evidence that the-blood of sub-
jects with CJD or other TSEs orincubat-
ing TSEs is infectious. Epidemiological
studies show no evidence that ransmis-
sion can occur through blood.**2 Addi-
uonally, no cases of ransfusion-related
CJD have ever been reported in humans,
even those with hemophilia.'® Experi-
mental data indicate that the transfer of
spleen, liver, or lymph node materials
from CJD patients into primates results
indisease, yet the transfer of blood from
CJD padents into primates doesnot. 2 On

_ the other hand, the transfer of TSE-

infected rodentblood into rodents defi-
nitely causes disease.® Therefore, the FDA
has adopted an exoemely conservative
approach to guidelines on blood and
blood products.

BOVINE SPONGIFORM ENCEPHALOPATHY

In general, FDA guidelines call for the
withdrawal and quarantine of CJD-
implicated blood and blood products, ex-
cluding plasma derivatives.!?® Because of
the lack of data on nv-C}D transmis-
sion via plasma, FDA guidelines re-
quire nv-CJD-implicated plasma deriva-
tives to be withdrawn.!!! The FDA
classifies blood donors into the follow-
ing risk categories: (1) diagnased as hav-
ing TSE, (2) at increased risk due to fa-
milial TSE, (3) at increased risk for
iatrogenic TSE, (4) at possibly in-
creased risk due to TSE in a single fam-
ily member (probably sporadic), and (5)
at no increased risk. The FDA suggests
donors in risk categories 1 through 4 be
excluded from donating blood, ' and
recommends that source plasma from
donors later disgnosed as having CJD or
donors at risk of developing CJD be quar-
antined and destroyed.''*!!! While de-
finitive conclusions on the safety of blood
and blood products require additional
scientific data, a conservative course of
action is prudent.

CONCLUSIONS

Data suggest that nv-CJD results from
transmission of the BSE prion to hu-
mans.**% [n the United Kingdom,
human infection with nv-CJD prob-
ably resulted from ingestion of BSE-
contaminated beef.”” In public health
terms, these links are compelling enough
to warrant action by relevant US authori-
ties. However, because BSE has not been
observed in the United States as of March
1999 %% most government policies are
based on risk-management principles.
Assuming that BSE can be trans-
ferred to humans as uv-CJD, determi-
nation of risk to US residents depends
ou whether parts of a cow carrying infec-
tious prions can be consumed by humans
as food, medication, biological prod-
ucts or devices, or cosmetics. The risk
of contracting a human TSE, such as nv-
CJD, from cattle in the United States cur-
rently is minimal for the following rea-
sons. First, no known cases of BSE
exist.*® Any potential human contact
with the disease agent would have to
come from the importation of contami-
nated cattle products or exposure while

traveling in BSE-infected countries. Sec-
ond, adequate guidelines exist to pre-
vent high-risk bovine materials from
contaminating products intended for
human consumption.'™"** The only pos-
sible exception is the lack of guidelines
for the oral consumption of SRMs, Third,
adequate regulations exist to prevent
undetected cases of BSE (if any) from
uncontrolled amplification in US
cattle.?31% Finally, adequate regula-
tions exist to prevent entry of foreign
sources of BSE, either as live cattle or as
bovine-derived products, into the United
Smtes.N.KOLIOJ

RECOMMENDATIONS

The following statements, recom-
mended by the American Medical As-
sociation (AMA) Council on Scien-
tific Affairs, were adopted as AMA
policy in December 1998.

The AMA:

1. Supports the current FDA guid-
ance/regulations regarding the treat-
ment of products from bovine sources
destined for human utilizadon, and the
treatment of blood products from po-
tential CJD donors.

2. Recommends the FDA and the
USDA continue to aggressively en-
force regulatons in place to prevent the
occurrence/transmission of BSE in the
United States. -

3. Recommends the FDA, USDA,
and Department of Health and Hu-
man Services continue to evaluate sci-
entific data on TSEs and incorporate
this information into their guidance and
regulations.

4. Recognizes that the public may be
concerned about BSE risks; therefore,
the AMA recommends that physicians
become knowledgeable about BSE so
that they can appropriately advise their
patients about routes and risks of BSE
transmission, especially that the con-
sumption of brain and spinal cord from
infected animals would carry the high-
est risk of ransmission to humans, and
that persons who are traveling abroad
should refrain from consuming brain -
and spinal cord from cattle unless they
know that the countries in which they
are waveling are free of BSE.
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5. Recommends increased surveil-
lance of new CJD cases as they arise in
order to monitor for the possible ap-
pearance of nv-CJD via: (a) Referral of
all deaths due to suspected CJD 1o an ap-
propriately qualified pathologist for au-
topsy, with the submission of autopsy
reports of confirmed cases to the Prion
Disease Pathology Surveillance Center
at Case Western Reserve University,
which is collaborating with the Cen-
ters for Disease Control and Preven-
tion; (b) Reporting of the diagnosis of
CJD on the death certificate in all cases
and the strengthening of the current sys-
tem enabling health authorities to ob-
tain clinical or pathological data on the
CJD cases of greatest public health con-
cerm; () Prompt notification of any case
of nv-CJD to both the appropriate state
health departument and the Centers for
Disease Control and Preventdon.

6. Recommends that well-con-
trolled research be performed in the fol-

" lowing areas: (a) Elucidation of the

mechanism of disease of TSEs; (b) Elu-
cidadon of the infectivity, dose require-
ments, and clearance of the disease
agent to provide more data for ad-
equate risk analyses of disease trans-
mission; (¢) The risk of ransmission
via blood and blood products; (d) Al-
ternatives to the use of bovine-derived
products in drug manufacrure and other
biologic industries; (¢) Antemortem di-
agnosis of BSE and nv-CJD and the de-
tection and inactivationof the disease
agent in blood supplies.

Previous Presentation: This report was presented at
the 1998 House of Delegates Annual Meeting as Re-
port 6 of the Councll on Scientific Affairs. The recom-
mendations were adopted and the remainder of the
report was filed.
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